Squamous Cell Carcinoma of the Skin and Coal Tar Creosote Exposure in a Railroad Worker by Carlsten, Chris et al.
96 VOLUME 113 | NUMBER 1 | January 2005 • Environmental Health Perspectives
Case Report
A 50-year-old male railroad worker presented
to his primary care physician with an erythe-
matous, tender skin lesion on the antero-
medial aspect of the right knee. The patient
reported that the lesion had been present and
intermittently tender over several years prior to
presentation. The lesion was initially thought
to be a simple cyst and was aspirated by the
treating physician; antibiotics were also pre-
scribed. The lesion did not resolve and was
subsequently biopsied, revealing squamous cell
carcinoma in situ (Figures 1 and 2). 
The patient was referred to a surgeon; a
deﬁnitive excision was performed, with subse-
quent completion of postoperative localized
radiation therapy. The lesion did not recur.
The patient gave a history of having
worked for a railroad company for 30 years
before noting the skin lesion; most of this time
had been spent on the “building and bridges”
unit. This work involved the replacement of
railroad track ties and the repair and construc-
tion of bridges and trestles, all of which
involved the use of, and nearly daily handling
of, coal tar creosote–treated ties and lumber.
He reported that on a nearly daily basis, he car-
ried, handled, kneeled on, or sat on this treated
lumber. He also reported that the ties and tim-
bers were heavily coated with creosote and that
creosote commonly coated his work clothes at
the end of his work shifts. He gave a history of
wearing overalls, leather work-gloves, and long
sleeves for a majority of his time at work. He
stated that, despite wearing protective work
clothes, he generally found creosote that had
“ﬁltered through” his clothing, particularly on
his hands, wrists, and knees, and that he
noticed this discoloration on his hands and
knees at the end of most workdays. He was not
aware of any other rashes or skin changes
related to the exposures in these areas.
He had no history of other occupational
exposures and reported having no signiﬁcant
sun exposure to the area of the lesion. He had
no personal or family history of other skin
disease or skin cancers. He was otherwise
healthy, was a lifelong nonsmoker, and had
no other signiﬁcant medical history.
The physical examination revealed a
healthy-appearing 50-year-old male with no
medical concerns other than the skin lesion.
Physical findings were unremarkable, with
the exception of a well-healed 2-cm scar on
the anteromedial aspect of the right knee (the
focus of medial pressure upon kneeling).
There were no other pertinent skin ﬁndings. 
Discussion
Polycyclic aromatic hydrocarbons (PAHs) were
among the earliest work-related health hazards
identiﬁed by contemporary occupational epi-
demiologic methods in the 18th century. Sir
Percival Potts observed an apparent association
between scrotal cancers and tar and soot expo-
sures among chimney sweeps in London in
1775 (Harrison 2004). Although neither the
precise chemical nature of the exposure nor a
histologic analysis of the cancer is available,
Potts’ report was ground-breaking.
Skin disease associated with creosote
exposure was speciﬁcally reported as early as
1898, when MacKenzie published (in the
British Journal of Dermatology) a case involv-
ing scrotal papillomatosis in a creosote worker
(Mackenzie 1898). There have been limited
subsequent case reports linking coal tar cre-
osote with squamous cell cancers (Cookson
1924; Lenson 1956; Shimauchi et al. 2000).
However, all of the lesions reported in these
few cases were located in sun-exposed areas of
skin, and it is possible that the lesions were
secondary to the effects of sun rather than
to creosote.
Animal studies have supported an
exposure–disease link between creosote and
skin cancers. Rous (1956) observed that study
mice housed in creosote-impregnated wooden
boxes developed surprising numbers of skin
papillomas. Boutwell and Bosch (1958)
documented skin carcinomas in mice exposed
to creosote oils. In a human skin model,
Schoket et al. (1988) observed that creosote
induced adducts at levels thought to correlate
with carcinogenicity in mice. In a cohort
study involving 922 “creosote-exposed work-
ers,” Karlehagen et al. (1992) found a stan-
dardized incidence ratio of 2.37 for skin
cancer among exposed individuals compared
with those not exposed, although no reliable
data on individual exposure were available. As
in prior case reports, sun exposure may have
contributed to the elevated rates in the
exposed group (Karlehagen et al. 1992).
PAHs result from the incomplete combus-
tion of coal tar, pitch, coke, asphalt, and oil.
Emitted as vapors of incomplete combustion,
or pysolysis, PAHs precipitate as particles or
condense onto soot particles. The term “cre-
osote” is often used to describe these PAH-rich
products of combustion and their distillates,
and encompasses such products as wood cre-
osote (from the combustion of beech and other
woods), coal tar creosote (from the combustion
of coal or coal tar), and coal tar pitch volatiles.
Coal tar creosote (containing over 300 dif-
ferent compounds, the majority of which are
PAHs such as phenols, cresols, xylenols,
pyridines, and benzene) is the most commonly
used wood preservative in the United States
[Agency for Toxic Substances and Disease
Registry (ATSDR) 2002]. It is a thick, oily liq-
uid that is amber or dark in color and is widely
used in the treatment of telephone poles,
railroad ties, marine pilings, and fence posts.
Occupational exposures to coal tar creosote
are usually associated with work in wood
preservation/pressure treatment facilities, fence
building, bridge construction, utility work
(telephone poles), aluminum smelting, and cre-
osote site remediation. The ATSDR reported
approximately 25,000 workers in nearly
100 wood treatment facilities using coal tar cre-
osote in 1996 (ATSDR 2002). Additionally,
nonoccupational exposures may result from the
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use of railroad ties in landscaping, burning of
creosote-treated scrap lumber in ﬁreplaces or
woodstoves, and ingestion of contaminated
groundwater (ATSDR 2004). 
Non-cancer effects of coal tar creosote
exposure involve primarily dermal and
mucosal irritation manifested by dermatoses,
photosensitivities, rhinitis, and conjunctivitis.
The phototoxicity, in particular, is important
because it compounds the irritative effects of
coal tar creosote and presumably, therefore,
increases its carcinogenicity (ATSDR 2002).
Malignancies potentially associated with occu-
pational coal tar pitch exposure include lung
and prostate cancer in coke oven workers,
lung cancer in foundry workers, lung and
bladder cancer in aluminum smelter workers,
and lung and stomach cancer in roofers
(Harrison 2004). Other cancers suggested as
being related to these compounds include
renal cell carcinoma (Steineck et al. 1989),
neuroblastoma (following parental occupa-
tional exposure) (Kerr et al. 2000), and non-
Hodgkin lymphoma (Persson et al. 1989).
The International Agency for Research on
Cancer (IARC) has concluded that there is
“sufﬁcient” evidence for coal tar pitch (IARC
1998a) to be considered carcinogenic in
humans, but that creosotes (IARC 1998b)
have only “limited evidence” for human
carcinogenicity, despite demonstrating “sufﬁ-
cient” evidence to establish carcinogenicity
in animals.
Coal tar creosote exposures are regulated
with an Occupational Safety and Health
Administration (OSHA) permissible exposure
limit (PEL) of 0.2 mg/m3 8-hr time-weighted
average (TWA; benzene soluble fraction;
OSHA 1986) and a National Institute for
Occupational Safety and Health (NIOSH) rec-
ommended exposure limit of 0.1 mg/m3 TWA
(NIOSH 2002). Of note, there are no speciﬁc
limits for dermal exposure. Nonetheless,
engineering and personal protective equipment
requirements established by a 1986 U.S.
Environmental Protection Agency (EPA) “spe-
cial review” (U.S. EPA 2000) are thought to
have lowered exposures to levels below the
established PEL. In the European Union, there
are concerns that exposure limits may under-
state the carcinogenic risks of creosote exposure
(Holme et al. 1999). 
Conclusion
In many occupational settings, workers are
exposed to combinations of coal tar, coal tar
pitch, and coal tar creosote, making it diffi-
cult to ascertain the mutagenic and carcino-
genic risks associated with coal tar creosote
exposure alone. There are, however, case
reports as well as human and animal studies
suggesting that creosote alone may be
carcinogenic. The present case report, involv-
ing a railroad worker with a relatively “pure”
long-term coal tar creosote exposure and a
subsequent squamous cell carcinoma in situ in
a non–sun-exposed skin area, further supports
the relationship between coal tar creosote
exposure and squamous cell carcinoma of the
skin. Along with having such biological plau-
sibility, it speciﬁcally eliminates the possibility
of a primarily sun-related carcinogenesis. This
case also emphasizes the value of a careful and
detailed history in documenting the chronol-
ogy, latency, circumstances, and relative dose
characteristics that help establish causality is
such cases. 
Because there are significant numbers of
individuals who have previously been exposed
or are currently experiencing occupational and
environmental exposures to coal tar creosote,
the potential health effects of these exposures
warrant attention. In cases for which substi-
tutes for coal tar creosote is truly unfeasible,
adoption of less permeable clothing may
prevent such cases in the future.
REFERENCES
ATSDR. 2002. Potential for human exposure. In: Toxicological
Profile for Wood Creosote, Coal Tar Creosote, Coal Tar,
Coal Tar Pitch, and Coal Tar Pitch Volatiles. Atlanta,
GA:Agency for Toxic Substances and Disease Registry.
Available: http://www.atsdr.cdc.gov/toxproﬁles/tp85-c6.pdf
[accessed 30 March 2004]. 
ATSDR. 2004. Preliminary Health Assessment: Texarkana
Wood Preserving Site, Texarkana, Bowie County, Texas.
Atlanta, GA:Agency for Toxic Substances and Disease
Registry. Available: http://www.atsdr.cdc.gov/HAC/PHA/
texarkana/texarkana.html [accessed 30 March 2004]. 
Boutwell RK, Bosch DK. 1958. The carcinogenicity of creosote
oil: its role in the induction of skin tumors in mice. Cancer
Res 18:1171–1175.
Cookson HA. 1924. Epithelioma of skin after prolonged exposure
to creosote. Br Med J 1:368. 
Harrison RJ. 2004. Polycyclic aromatic hydrocarbons. In: Current
Occupational and Environmental Medicine (LaDou J, ed).
New York:McGraw-Hill, 492–493.
Holme JA, Refsnes M, Dybing E. 1999. Possible carcinogenic
risk associated with production and use of creosote-
treated wood [in Norwegian]. Tidsskr Nor Laegeforen
119:2664–2666. 
IARC (International Agency for Research on Cancer). 1998a. Coal
Tar Pitches (Group 1). Available: http://monographs.iarc.fr/
htdocs/monographs/suppl7/coaltarpitches.html [accessed
5 October 2004]. 
IARC (International Agency for Research on Cancer). 1998b.
Creosotes (Group 2A). Available: http://monographs.iarc.fr/
htdocs/monographs/suppl7/creosotes.html [accessed
5 October 2004]. 
Karlehagen S, Anderson A, Ohlson CG. 1992. Cancer incidence
among creosote-exposed workers. Scand J Work Environ
Health 18:26–29.
Kerr MA, Nasca PC, Mundt KA, Michalek AM, Baptiste MS,
Mahoney MC. 2000. Parental occupational exposures and
risk of neuroblastoma: a case-control study (United
States). Cancer Causes Control 11:635–643.
Lenson N. 1956. Multiple cutaneous carcinoma after creosote
exposure. N Engl J Med 254:520–522. 
Mackenzie S. 1898. Case of tar eruption. Br J Dermatol 10:417.
NIOSH (National Institute for Occupational Safety and Health).
2002. NIOSH Pocket Guide to Chemical Hazards: Coal Tar
Pitch Volatiles. Available: http://www.cdc.gov/niosh/
npg/npgd0145.html [accessed 5 October 2004]. 
OSHA (Occupational Safety and Health Administration). 1986.
Coal Tar Pitch Volatiles (CTPV), Coke Oven Emissions
(COE), Selected Polynuclear Aromatic Hydrocarbons
(PAHs). Available: http://www.osha.gov/dts/sltc/methods/
organic/org058/org058.html [accessed 5 October 2004]. 
Persson B, Dahlander AM, Fredriksson M, Brage HN, Ohlson CG,
Axelson O. 1989. Malignant lymphoma and occupational
exposures. Br. J Ind Med 46:516–520.
Rous P. 1956. Influence of hereditary malformations on car-
cinogenesis in “CREW” mice and deer mice of hairless
strains. Proc Am Assoc Cancer Res 2:143. 
Schoket B, Hewer A, Grover PL, Phillips DH. 1988. Formation of
DNA adducts in human skin maintained in short-term organ
culture and treated with coal-tar, creosote or bitumen. Int
J Cancer 42:622–626.
Shimauchi T, Rikihisa W, Yasuda H, Yamamoto O, Asahi M.
2000. A case of squamous cell carcinoma that developed
on chronic tar dermatosis [in Japanese]. J UOEH
22:183–187. 
Steineck G, Plato N, Alfredsson L, Norell SE. 1989. Industry-
related urothelial carcinogens: application of a job-exposure
matrix to census data. Am J Ind Med 16:209–224.
U.S. EPA. 2000. Status of Chemicals in Special Review.
Washington, DC:U.S. Environmental Protection Agency.
Available: http://www.epa.gov/oppsrrd1/docs/sr00status.pdf
[accessed 30 March 2004].  Figure 1. Hematoxylin and eosin stain, right knee
skin biopsy. Magniﬁcation, 40×. 
Figure 2. Hematoxylin and eosin stain, right knee
skin biopsy. Magniﬁcation 100×. 